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CI IAPTER I .  I n t r oduc t l on  and  summary .
An  i n t e res t l ng  and  impo rÈan t  p rob lem i n  ex t r aga lac t l c  r esea rch  l s  t he
o r i g i n  and  evo lu t l on  o f  sp i r a l  ga l ax l es .  Sp i r a l  ga l ax i es  ex i s t  i n  a  va r i e t y
o f  mo rpho log i ca l  shapes  and  i t  i s  now  ev i< l en t  t ha t  d i f f e rences  i n  t he
no rpho log les  among  sp l r a l  ga l ax i es  r e l aÈe  t o  con t l nuous  va r l a t l ons  l n  a
number  o f  bas l c  phys l ca l  pa ra rne te r s .  l l u ch  o f  t h i s  va r i aE lon  resu l t s  f r om  the
va r i ous  f o r ros  t haÈ  t he  pas t  h i s t o r y  o f  s t a r  f o rma t l on  can  have  f aken  (e .g .
Sea r l e ,  Sa rgenL  and  Bagnuo lo ,1973 )  and  t he re  i s  ev l dence  t ha t  t h i s  l n  t u rn
re l a tes  Èo  t he  dynam ica l  p rope r t i es  and  t he  ava i l ab l e  amoun !  o f  neu t ra l
h y d r o g e n  g a s  ( e . g .  S a n d a g e ,  F r e e m a n  a n d  S t o k e s ,  1 9 7 0 ) .  A t  p r e s e n !  i t  1 s
howeve r  s t i l 1  unc lea r  how  these  e f f ec t s  l n t e r re l a te  i n  ac tua l  ga lax l es  and
w h a t  t h e  p h y s i c a l  b a s i s  l s  f o r  c h e  c l a s s l f i c a t i o n  s c h e o e s  o f  s p i r a l  g a l a x l e s ,
The  dynam ica l  p rope r t l es  and  Èhe  d i s t r i buE lon  and  amoun t  o f  neu t ra l  gas  can
nowadays  accu ra te l y  be  deEe rm ined  f r o rn  r ad lo  syn thes i s  obse rva t i ons  a t  Ehe  2 l
cm  l i ne  o f  neu t ra l  hyd rogen .  The  h i s t o r y  o f  s t a r  f o rma t i on  l eaves  lÈs  t r aces
l n  o b s e r v a b l e  p r o p e r È l e s  s u c h  a s  t h e  d i s t r i b u t l o n  o f  o p t i c a l  1 l g h t ,  o p t i c a l
co l ou r ,  r nass - t o - l un i nos i t y  r a l i o ,  gaseous  mass ,  hyd rogen - !o - t o ta l -mass  ra ! i o
and  abundance  o f  heavy  e l emen ts .
A t t emp ts  have  been  made  t o  l ook  f o r  poss ib l e  co r re l a t i ons  beÈween  i n teg ra l
p rope r t i es  o f  sp l r a l  ga l ax i es  as  a  f unc t i on  o f  mo rpho log l ca l  t ype  (De  Vaucou -
l eu rs ,  1977 ) ,  wh í ch  resu l l ed ,  among  o the rs ,  i n  t he  we l l - known  F i she r -Tu l l y
re l a t i on  (Tu l l y  and  F i she r ,  I 977 )  be t l r een  l um inos i t y  and  rnax l r num ro ta t i ona l
ve loc i t y .  Such  Í nves t i ga t i ons  have  l ed  t o  t he  conv i c t i on  t haE  t he  p rope r t i es
o f  sp i r a l  ga l ax i es  shou ld  be  exp la i nab le  f r om a  l im i t ed  number  o f  f undamen ta l
phys i ca l  pa rameÈers .  I I n t i l  t he  de f l n ÍÈ ion  and  beg lnn ing  o f  t he  su rvey  p ro j ec t
a s  d e s c r i b e d  i n  t h i s  t h e s i s ,  t h e  a v a i l a b l e  l n f o r m a E l o n  i s  c o n t a i n e d  i n  a
number  o f  d i f f e ren t  s t ud ies  wh i ch  mos t l y  dea l  h r i t h  i n t eg ra l  p rope rÈ ies  o f
sp i r a l  ga l ax i es .  To  l nvesL iga te  t he  p rob lem fu r t he r  i t  became  c l ea r  t ha t  one
n e e d s  t h e  d e t a i l e d  r a d i a l  d i s t r i b u t i o n s  o f  b o t h  t h e  g a s e o u s  a n d  t h e  s E e l l a r
componen ts  f o r  a  we l l - de f i ned  samp le  o f  sp i r a l  ga l ax l es .
A  samp le  o f  abou t  20  sp i r a l  ga l ax i es  was  t he re fo re  de f i ned ;  t hese  ga lax i es
we re  obse rved  i n  t he  21  c Ín  neu t ra l  hyd rogen  l i ne  w i t h  t he  l ^ l es te rbo rk
Syn thes i s  Rad io  Te lescope  ( I ISRT)  and  l n  Èh ree  b road -band  op t l ca l  co l ou rs  w i t l
t he  48 - i nch  Pa lomar  Schm idÈ  Te lescope .
I , l e  conb ine  ou r  wo rk  r í iEh  t ha t  on  co lou r  evo lu t l on  (Sea r l e ,  Sa rgen t ,  Bagnuo lo ,
1 9 7 3 ;  H u c h r a , 1 9 7 7 ;  L a r s o n  a n c l  T i n s l e y ,  1 9 7 8 r )  a n d  o n  m e t a l l l c i t y  g r a d l e n t s
( S e a r l e ,  1 9 7 1 ;  S m i t h ,  1 9 7 5 ;  S h t e l d s  a n d  S e a r l e ,  1 9 7 8 ;  M c C a l 1 ,  1 q 8 2 ) .
Spec i f i c  ques t i ons  t ha t  a re  i nves t l ga ted  a re  :  1 )  whaE  i s  t he  rad la l
dependence  o f  s t a r  f o rna t i on  and  how  i s  i t  r e l a ted  t o  no rpho logy?  2 )  wha t
de te rm ines  t he  s ta r  f o rma t i on  ra te  Í r i t h i n  and  be tween  ga lax i es?  3 )  a re  t he
dynam ica l  s t aÈe  and  t he  l i gh t  d i s t r i bu t i on  connec ted?  4 )  a re  abundance
g r a d l e n t s  r e l a t e d  E o  o t h e r  p a r a r n e t e r s ?  5 )  l s  t h e r e  d a r k  n a t t e r  r n á  í r  c n
wha t  f r ac t i on  o f  t he  t o ta l  nass  does  i t  con t r i bu te?
T o  f i n d  a n s n e r s  t o  t h e s e  q u e s t i o n s  t h e  d e t a i l e d  r a d í a l  b e h a v i o u r  o f
. a r a m e f ê r q  s r : c h : q  s r r r f a e e  h r í o h l - n e s s .  c o l o r r r  i n d i c p s -  t l T  s r r r f a c e  d e n s i t v  a n d
r o t a c i o n a l  v e l o c i E i e s  a r e  i n v e s t i g a t e C .
T n  c h a p t e r  ï [  a n  A t l a s  o f  t h e  c o m h i n e d  r a d i o  a n d  o p t i c a l  o b s e r v a t i o n s  o f  I 6
n e a r b y  n o r t h e r n - h e m i s p h e r e  s p Í r a l  g a l a x i e s  Í s  p r e s e n t e d  a n d  t l r e  o p t i c a L
p h o t o m e t r i c  s y s t e m  a n d  t h e  c a l i b r a t i o n  a n < l  r e d u c t i o n  p r o c e d u r e s  f o r  b o t h
- ^ r :  ^  ^ - r  ^ - Ê i  ^ ^ 1  ' ^ : a  a r e  d e s c r i b e d .  T h e  í n F o r m a r i o n  n r e s e n r e d  i n  t h i s  A t l a sU P L  r L d !
c o n s i s t s  o f  t h e  f o l l o w i n g  o b s e r v a t i o n a l  r e s u l t s :
-  t h e  o p t i c a l  i m a g e  a n d  t h e  I I I  d i s t r i b u È i o n ,  b o t h  a s  p h o t o g r a p h s  a n d  a s
c o n t o u r  p l o E s ;
-  H I  v e l o c i t y  f i e l d ;
-  r ad io  con t i nuum map  a t  À ,  21  cm;
-  c o n t o u r  m a p s  o f  t h e  s p e c t r a l  l i n e  c h a n n e l s  i n  r { T ;
-  p o s i E i o n - v e l o c i c y  d i a g r a n s  m a d e  a l o n g  t h e  m a j o r  a n d  m i n o r  a x i s ;
-  o l n h e l  t { T  n r n F i l p .
-  r a d i a l  H I  d i s t r i b u t i o n :
-  r a d i a l  s u r f a c e  b r i g h t n e s s  d i s t r i b u t i o n s  ( a l s o  r e f e r r e d  t o  a s ' l u m i n o s i t y
p r o f i l e s  t  ) ;
-  r a d i a l  c o l o u r  d i s t r i b u ! i o n s ;
-  r a d i a l  d i s t r i b u t i o n  o f  l l I - m a s s - t o - l i g h t  r a t i o ;
-  a z i m u t h a l  s u r f a c e  b r i g h t n e s s  d i s È r i b u t i o n s
F o r  c o n v e n i  e n c e ,  t l l e  r a d i a l  d  i s t r i b u t  i o n s  o f  s u r f a c e  h r i g h t n e s s ,  c o l o u r ,  l l T
s u r f a c e  d e n s i È y  a n d  l l l - m a s s - t o - l i g h È  r a t i o  a r e  p r e s e n t e d  i n  t a b l e s  a s  w e 1 1 .
I n  c h a p t e r  I I I ,  t h e  l u m i n o s i t y  p r o f i l e s  a r e  d i s c u s s e d  a n d  u s e f u l  p a r a m e t e r s
d e r i v e d ,  s u c h  a s  t h e  s c a l e  l e n g t h s  o f  t h e  e x p o n e n t i a l  d i s k s  a n d  e x t r a p o l a È e d
c e n t r a l  s u r f a c e  b r i g h È n e s s e s .  I ^ l e  c o n f i r m  t h e  r e s u l t s  o f  F r e e m a n  ( 1 9 7 0 )  a s  t o
t h e  m e a n  v a l u e  i n  t h e  f r e q u e n c y  d i s t r i b u c i o n  o f  e x t r a p o l a t e d  c e n t r a l  s u r f a c e
b r i g h È n e s s e s ,  b u t  o u r  d i s t r i b u t i o n  i s  s i g n i f i c a n t l y  l e s s  s h a r p l y  p e a k e d .
Bo th  t he  ave rage  and  t he  peak  H I  su r f ace  dens i t y  show  a  t endency  ! o  i oc rease
ln  go ing  f r om ea r l y -  t o  l a t e - t ype  sp i r a l s ,  bu t  t he  number  o f  ea r l y - t ype
g a l a x i e s  i n  o u r  s a m p l e  i s  t o o  l i r n i t e d  t o  d r a w  a n y  f l r m  c o n c l u s i o n s .
I n  c h a p t e r  I V ,  t h e  r a d i a l  c o l o u r  d i s t r i b u t i o n s  a r e  d e s c r i b e d  a n d  r l i s c u s s e d ,
whe re  pa r !  o f  che  d i scuss ion  i s  based  on  ex i s t i ng  mode l s  f o r  t he  co lou r
e v o l u t í o n  i n  g a l a x i e s .  R e c e n t  o b s e r v a t i o n s  h a v e  i n d i c a t e d  t h a t  i n  t h e  o l d
d i sks  o f  sp i r a l  ga l ax i es  t he  mass - t o - l i gh t  r a t i o  i s  cons tan t  t o  r 4 r i t h i n  a
fac to r  o f  abou t  two ,  and  t he  i np l i ca t i ons  o f  t h i s  r esu l t  a re  d i scussed  i n
connec t i on  l t i t h  t he  a fo re -menE ioned  ga laxy  mode l s ;  t he  me ta l l i c i t y  g rad ien t
i s  cons ide red  (as  i !  has  been  deduced  f r o rn  H I I  r eg ion  obse rva t i ons )  and
r e l a t e d  t o  o u r  r e s u l t s .  T h e s e  r e s u l t s  s h o w  t h a t  s i g n i f i c a n E  c o l o u r  g r a d i e n t s
a re  gene ra l l y  absen t ,  i nd i ca t i ng  t ha t  t he  t i r ne  sca le  o f  t he  s ta r  f o rma t i on
ra te  i s  i ndependenÈ  o f  r ad i r r s .  A rgu Ínen t s  a re  p resen ted  t ha t  t he  i n i t i a l  mass
f u n c t i o n  a l s o  d o e s  n o !  v a r y  w i t h  r a d i u s ,  s o  t h a t  t h e  l i g h t  d i s t r i b u t i o n
rep resen t s  t he  mass  d i sc r i bu t l on  a t  t he  same  t ime .  On l y  t he  op t i ca l  su r f ace
b r i gh tness ,  H I  su r f ace  dens i t y  ánd  me ta l l i c i t y  va r y  w i t h  r ad ius  and  i t  i s
shown  t haE  t h i s  i s  cons i s t enÈ  w iEh  sone  s imD le  scena r i os  f o r  t he  che rn i ca l
e v o l u t i o n  i n  g a l a x i e s .
The  az imu tha l  su r f ace  b r i gh tness  d i s t r i bu t i ons  a re  d i scussed  l n  chap te r  V  :
i n  ou r  t r ea tmen t  o f  t he  r l a t a  we  have  made  an  a t t emp t  t o  t ake  t he  shape  o f  t he
sp i r a l  a rms  i n t o  accoun t  i n  o rde r  t o  r educe  t he  no i se  and  t o  be  ab le  t o  ge t  a
be t t e r  es t ima te  f o r  t he  a rm- i n te ra rm  con t ras t .  I { e  conc lude  t ha t  102  t o  as
much  as  502  o f  t he  maLe r i a l  i n  t he  sp l r a l  a rms  may  ac tua l l y  cons i s t  o f  o l d
r l i s k  p o p u l a t i o n  s t a r s ,
r n  ahon ro r  \ I r  f } ' ó  k i nema t i cs  as  de r i ved  f r om the  Wes te rbOrk  da ta  a re
desc r i bed  and  d i scussed ;  r o taÈ ion  cu rves  a re  de r i ved  and  p resen ted  (bo th  1n
d iag ram and  i n  t ab le  f o rm)  and  poss ib l e  co r re l a t i ons  w i t h  op t i ca l  f eaÈu res
^ í ^  i  - , , ^ ^ ! :  ^ - Ê ^ J
.  i s  f ound  t ha t  gene ra l l y  2OY,  t o  5O7"  o f  t he  t o ta l  mass  i s
i n  t he  d i sk .  No  one - t o -one  re l a t i onsh ip  ex i s t s  be tween  t he  occu r rence  o f
wa rps  (o r  asy Ínme t r l es )  t ogeche r  w iEh  sudden  d tops  l n  t he  l u rn l nos iÈy  p ro f i l e s ,
t hough  a  s t r i k i ng  co r respondence  l s  f ound  i n  a  number  o f  t he  su rvey
g a l a x l e s .
F i na l l y ,  i n  chap te r  V I I  t he  conc lus i ons  a re  r ecap i t u l a ted  and  some
sugges t i ons  f o r  f u t u re  deve lopmen ts  a re  g l ven .
Th roughou t  t h i s  t hes l s  a  Hubb le  cons tan t  o f  H -  =  75  kms - IMpc - l  l s  adop ted ,
o '
and  nos t  o f  l he  d i s t ances  t o  t he  ga lax i es  a re  based  on  t h l s  assump t íon .
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